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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance reliability in a grown silicon 
oxide by a method, wherein radio frequency power generates plasma 
containing oxygen atoms and radicals with a mixing gas of a rare gas and 
an oxidizing gas containing a nitrogen dioxide, and is annexed to form an 
oxide film with silicon at specified temperatures. 

SOLUTION: A rare gas and oxygen are introduced in various ratios in a 
CVD chamber, into which a silicon substrate to be oxidized, is entered. 
The ratio of oxygen in the mixing gas is changed from 1 to 15%, and also 
gas pressures are changed to 100 to 4,000 mTorr. A RF power is 
changed to 100 to 1,500 W with respect to a total area of 1,000 cm2, 
and the temperatures are changed to 1 00 to 400° C. A typical C-V 
curve of an oxide film grown on silicon is substantially ideal, and does 
not have hysteresis. A compound containing fluorine, for example, HF, 
NF3, are added to a mixing gas, so that oxygen radicals are generate at 
low temperatures in order to form an oxide film, thereby further 
enhancing oxidizing characteristics. Furthermore, after a Si02 film is 
grown, annealing process such as gas annealing process, or the like can 
be conducted in order to further improve a breakdown strength 
characteristic of a film. 
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1 .Title of I ivcnl ioo 

THIN FILM TRANSISTOR DEVICE AND FABRICATION METHOD OF THE S 

AME 

2 * Claims 

(1) A process of miking S i 02 film bj f lowing a nixUie of noble gas(e 
s) and oxidixing gas(es) and applying BP power te create plasma cootaioi 
og oxygen atoms aod radicals, which then react with silicon to foiro S i 02 

(2) A process of Baling S i 02 film by Moving a mixtirc of ncbl* r as (e 
s) and oiidixing gas(es) aod applying RF power to create plasma ceotaioi 
ng oxygen atoms aod radicals, which then react with si I icon to form S i 02 
.; tbe S i 02 film subseqacBtly aooealed io furnace below 4 00°C or rapid t 
tierna! annealed or laser aooealed to further improve its properties. 

(3) Process of claim 2 wherein said tbe annealing ambient contains by 
di ogea. 

(4) Tbe pioccss oi claims 1 to 3 wherein said the noble gas is either 
rjelinro, argon, necn, krypton or xenon or a combination of miltiple oobl 

e gases . 

(5) Tbe process cf claims 1 to 4 wherein said the oxidiiiog gas is ox 
Jgeo. 

(6) The process of claims 1 to 4 wherein said the oxidiiiog gas is H2 
0 

(7) The process of claims 1 tc 4 wherein said tie oxidizing gas is N2 
0. 

(8) Tbe process of claims 1 to 4 wbereio said, tbe oxidizing gas Is a 
mixtore of N20 and 02, or a mixture of N 20 and HZO or a mixtirc cf H20 

aod 02 or a mixtnre of 02. H20 and N?0. 

(9) The process of claims 1 to 8 wherein said tie percentage of oxidi 
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sing gas io the tctal gas miitmc is between 1 and tS percent. 
(10) Tbc process of claims I to 9 Therein said, the RF power densitj 
is between 0.1 to 1.5 W/cm2. 

(1 1) The process of claims I to 10 Therein said tbe teroperatare dori 
ng tbe oxidation process is between room temperature aod 400 n C. 

(1 2) Tiie process of claims 1 to 10 wherein said, the desirable tempt 
r a tore daring oxidation is between 100 aod 4 0 0 °C. 

(1 3) The process of claims 1 to 12 Therein said, tbe pressure daring 
nidation is between 100 and 4000 mlorr. 

(1 4) The process of claims 1 to 13 wherein said, less than 10 percen 
t nitrogen is added te the gas mixture. 

(1 5) The process of claims 1 to 13 wherein said, less than I percent 

floor idc containing conpoond i* added to tbc gas mixture . 

(16) Tie process of claims I to 13 wherein said, less tbaa 10 percen 

t of nitrogen aod less than I perccot of fluorine coatatniag couponed ar 

e added to tbe gas mixture. 

O 7) The process of claims 1 to 16 wherein said the material heitg 
oxidised is single crystal silicon, or po Iyer j s ta 1 1 i oe silicon, or micro 
crystalline silicon, or anrorphois silicon or hrtfiogeaated araorphoes sili 
con . 

(l 8) Tbe process of claims I to IS wherein said tbe material being o 
xidiied is amorpbois silicon; which is crystallized after oxidation by f 
ornate anaeaiiog, rapid thermal annealing or laser aooealiog. 
(1 9) A metal oxide scnncoodictor field effect transistor deuce or a 
tain film transistor device incorporating tbe process of claims 1 to 18 

(2 0) Tbe process of claims 1 to 18 wherein said the S i 0 2 film prodo 
ced is ised as gate dielectric material or a part of tbe gate dielectric 
material of a metal oxide semiconductor field effect transistor deuce 
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oi a t b in film trans istoi device. 

(2 1) Ad LCD d c * ice fabricated using TFTs fabricated according tc cl 
aims 19 and 20. 

(22) An LCD d e » ice fabricated using TFTs fabricated accordiof to cl 
aims 19 and 20 such ibal LCD device cootains amorphous silicon TFTs and 
polycrysta 1 1 ine silicon TFTs on Ike sane sobstratt. 

(2 3) An LCD device fabricated osiog TFTs fabricated according to cl 
afns 19 and 20 soch thai LCD device contains mi c rocr y st a 1 1 ine silicon TF 
Ts and polyciystal 1 inc silicon TFTs od the same substrate- 
3. Detailed Description of Invent ioo 

The amorphons silicon tbio film transistors (TFTs) are used as s*it 
c&iog elements io lipoid crystal displays (LCDs). One of the major area 
s vbich determiie TFT performance is l b e qtalitj of interface between se 
oicoodnctoi aod tbe gate insulator layer. Io the case of amorphous sili 
con TFTs, silicon nitride is used as the gate iosolator layer as S i 0 2 fo 
rms a poorer ioterface v/ilb amorphous silicon. Additionally, for the si 
(icon nitride-amorphous silicon case, the interface quality is better fc 
r the case when anorphois silicon is deposited over silicoo nitride camp 
ared to the case when silicon nitride is deposited over anorphois silico 
n. Becaose of this, bottom-gate structure is preferred for the case of 
amorphous silicoo TFTs. However, tbe top-gate structure is better suite 
d for fabrication of self-aligned TFTs . 

Tbe Si02 films obtained by oxidation of semiconductor silicon gives 
better quality interface compared to that formed by deposited insolatis 
g films. Thus it would be preferable to for amorphous silicon to have S 
i 0 2 formed by oxidation cf semi coodne to r silicon layer. Additionally, t 
his would allow formation of a top-gate structure. Since for polysilico 
d TFTs also, top gate structure is general 1 y used, this uoald make it po 
ssible to form pixel TFTs (amorphous silicon TFTs ) and polysilicon TFTs 
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(driver TFTs) on tbe sane substrate. 

Usually tic maxioura a 1 1 owabl € temperature for t b c case of aflurphons 

silicco TFTs is 4Q0 9 C t as the quality of serai coodoc t i ng amcrpbcis layer 

will deteriorate at higher I empe rat nr es . Tbas it weald be desirable to 

oxidiie silicon at teraperatnrc below JGQ°C vith food interface properti 
es. However, the traditional thermal oxidation process reqnires i empe r a 
tire of the order of 10OO Q C as moleenlar oxygen or H20 usoally used in t 
hernial oxidation process reqoire soclt high tempeiatore tc grow oxide wit 
b practical rates. On the other haod, the atonic oxygen or oxygen radic 
als readily react with silicon to form S i 02 layer. This an important st 
ep io growing S i 0 2 films at low temperature wcold be to create atomic ox 
ygeo or oxygen radicals at sich a temperature . 

io order to create atonic oxygen and oxygen radicals, »t nscd a gas 

mil t or c of oxygeo and noble gas (stub as He. Ne, Ar, Si, Xc). The aobl 
e gases can be easily excited tc higher energy states by applying a It F ( 
radio freqoeucy) bias. Tbe energy level differences between the excited 

States and the groond states of these noble gases arc higher than tbe e 
oergy level difference between tbe atomic oxygen and molecular oxygen. 
For example, tbe excited state level for he 1 i nm is 19.8 eY higher than i 
ts ground state. For argon this t a I d e is 11.6 eV. The energy required 

to cbaoge oxygen roolecoles into its atomic state varies from 1 eV tc 11 
.6 eY depending opoo the orbital level configuration. This if the excit 
ed ooble gas molecole give op their energj tc an oxygen nclccole, it is 
possible to create oxygen atoms aod radicals. 

Based on the above principle, we carried cot tbe oxidation of siiic 
on in the following manner. We in trod iced ooble gas and oxygen in varic 
as proportions io a CVD chamber containing silicon sibstrate to be oiidi 
ted. Tbe percent of oxygen in the gas mi x t n r e varied from I tc 15 %. T 
he total gas pressure was varied from 100 nitorr to 1 6 0 6 ntorr. The If F p 
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over values were varied from 1 0 0 tc 1 5 00 W oier a total area of lOflfl cm2 
. . The temperature was varied from 100 to 400 °C. Though we used a ten 
peratnre raage of 100 400 °C during our exper imes is , tempcratores higbe 
r or lower thai He specified range can be used. By osing this process 
wc were able tc get iboot one b a o d r e d angstroms thick S i 02 films in aboi 
t ao hoir of oiidatieo. 

Figure ! show! the typical C~Y cone of a oxide film grown oo silic 
oo based on above condition?. The C-V cone is close tc tie ideal case 
and has oo fcjsterisis. Figore 2 shows the density of interface state ae 
ar mid-gap after growing tie S i 02 film by this method. The mean rahe 
for the density of ioterface state is close to 6E1 l/cm-2-cV. For SI02 fi 
!m fabricated by thermally oxidizing the silicon film at 1000 °C in onr 
lab, the density inter face state is close tc 2En/cm2-ev\ which is quite 
close to the films we obtained by the disclosed process. The biealdowo 
slreigth measured using mercury electrode for the films produced using 
the disclosed method is over 15 MV/cm, which is agaio close to tie them 
ally oxidized case. Figure 3 shows the ESCA cba rae t e r i la t ico results fo 
r tbe films fabricated by the disclosed process, fe see coly the S i 02 p 
eak and Si peak (from the substrate). Thus these resdts show tkat we a 
re able to get S i 02 filns at temper atare 400 P C or below with properties 
comparable tc these obtained osiog thermal oiidatioo at mocb higher tern 
peratir es . 

Id the above process, oxygen is ised as oxidixiog agent, however ot 
her oxidizing agent such as N20 or H 20 or a mixtire of various oxidizing 
agents can be ised. 

Tbe disclosed process can be forthei refined to add oitrogen along 
with oxidizing agent(s) a ad noble gas(es) tc improve the reliability of 
the grown silicon dioxide. 

The process can be also refined by adding small percentage of floor 
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inc-coBtaining-coispcDnds UbcIi as RF r NFS etc) to the gas mixtoie tc lu 
rther impf or e the oxide quality. 

Additionally, after g i owi Bg the S i 02 films, they can be sabjecied t 

0 annealing sacb as forming gas annealing to farther improve the quality 
of films* 

This oxidation priociplc cao be applied to oxidize single crystal s 
ilicon. polycrystal ! ine silicoo, mic/ocrysta 1 1 ioe silicon, amorphous si) 
icon cr hjdrogenated amorphous silicon Icr HOSFET (metal oxide semicondn 
ctor field effect transistor) or TFT app locations. The principle can be 
further applied to form amorphous silicon and polysilicon TFTs oo the s 
ame substrate. 

For the case cf po 1 y s i I i c on-5 i 02 and mi c r nc r yst a 1 1 ine s i I i con-S il)2 
systems, the process can lie performed in two ways; 

1 - (a) start with a polycrystal I inc or micrccrysta 1 1 ioe silicon fi 
Im formed doring deposition ox start with a amorphous silicon film cryst 
allized by firnace annealing, rapid thermal aooeaiiog or laser annealing 
, (b) followed by oxidation hy the process disclosed here. 

2 . (a) start with amcrpbois silicoo and oxidize it by the process 
disclosed here, (b) followed by cr ys ta 1 1 i xat i oo by furnace annealing, ra 
pid thermal anneal tog cr laser aooeaiiog. 

A » Brief Dcsciiptioo of Drawings 

Figure I. Typical C-V enrve for the S i 02 film grown using the disclosed 
method 

Figore 2. The deosity of interface (DIT) value as a function of silicoo 
gap e&ergy after growiog the 5 iOZ film using the disclosed method.. 
Figore 3. ESCA (Electron Spectroscopy lor chemical analysis) character! 
zatioo of the SiQ? films grown using the disclosed nethed. 
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1 . Abstract 

In tbis disclosure, wc present a process for growing a S i 02 film of 
er silicon at temperatures f r did room temperature to 4 0 0 °C. The lever t 
eraperatore oxidation was made possible by creation of oxygen atoms and r 
adicals by adding noble gas(es) along v I l I oxidiiiog gas(es) and appiyiti 
g RF power. The process can be applied tc oxidation of single crystal £ 
ilicoo, po lycrysta II ine silicon or amorphous silicon tc form TFT s and MO 
SFET devices . Tbe process can be firlber applied to form amorphous and 
polysilicoo TFTs on tbe same sabslratc. 

2 * Kepicsentat i?e Drawing 

Figure I . 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ; • __. _____ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



